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Atmospheric coherence length measurement algorithm based
on Gaussian background modeling
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Abstract: To overcome the impact of sky background noise on the measurement accuracy of atmospheric
coherence length, this paper applies a Hartmann wavefront sensor, combined with a Gaussian background
modeling algorithm to suppress and remove strong background noise, achieving the measurement of atmospheric

coherence length under low signal-to-noise ratio conditions. The method proposed in this paper first enhances
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the calculation accuracy of the sub-aperture spot centroids of the Hartmann wavefront sensor through the
Gaussian background modeling algorithm, thereby improving the accuracy of wavefront reconstruction and
the calculation results of Zernike coefficients. Furthermore, based on the wavefront information, the wavefront
phase variance is calculated, and according to the principle of the wavefront phase variance method, the
variance of Zernike coefficients is solved, ultimately obtaining the atmospheric coherence length. Simulation
results show that introducing the Gaussian background modeling algorithm in the centroid calculation stage
can effectively suppress the influence of skylight background noise and improve the measurement accuracy
of the atmospheric coherence length. After introducing the Gaussian background modeling algorithm,
following the Zernike coefficient calculation and atmospheric coherence length measurement process, the total
relative error of the atmospheric coherence length is about 2. 8% . This method can achieve measurements
of atmospheric coherence length under strong background noise conditions, and can be applied to various
areas such as performance evaluation of daytime laser communication systems and daytime seeing evaluation
of ground-based large-aperture telescopes, extending the application scope of Hartmann sensors and
wavefront phase variance methods in atmospheric coherence length measurements.
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